preparation. We have also detected SLP-76 expression in the NK cell lineage in normal mice. However, the intensity of SLP-76 staining observed in NK cells is ϳ50% of that observed in resting T cells. 12. A pair of polymerase chain reaction (PCR) primers (forward, 5Ј-TCGACTCGATCAGACCTGAAGATGAAG-3Ј; reverse 5Ј-GCT TCTGTCTAT TGATGGAGCAGG-3Ј) were designed to amplify a 320-bp product composed of SLP-76 genomic sequence including an exon encoding amino acids 208 to 229, the following 96-bp intron, and a portion of the next exon encoding amino acids 230 to 257. These primers were used to obtain a commercial P1 murine SLP-76 genomic library (strain 129/SVJ, Genome Systems, St. Louis).
were conjugated where indicated with fluorescein isothiocyanate (FITC), biotin, Cyanine 5-18, or phycoerythrin (PE) using standard procedures. The FITCconjugated rat antibody to mouse pan (anti-mouse pan) specific for NK cells (DX-5), FITC-conjugated hamster anti-mouse CD3 (145-2C11), PE-conjugated rat anti-mouse Thy-1.2 (53-2.1), and biotin-conjugated hamster anti-mouse TCR␤ (H57-597) were purchased from Pharmingen. All samples were analyzed with a Coulter EPICS 753 instrument, and FACS data were analyzed with Flojo version 2.3.3 software (Treestar). 16 19 . Genomic DNA was prepared from SLP-76 ϩ/Ϫ or Ϫ/Ϫ thymocytes and the ES cell line 129. We performed PCR using primers and conditions previously described (27) in a total volume of 50 l. Next, 15 l of the reaction products was resolved by electrophoresis in a 1.5% agarose gel, transferred to a nylon membrane, and probed with a radiolabeled oligomer corresponding to the J ␤ 2.6 gene segment (5Ј-GAA-CAGTACTTCGGTCCCGGCACCAGGCTC-3Ј) in a 6ϫ standard saline citrate (SSC)-based hybridization buffer. 20. For proliferation assays, 0.2 ϫ 10 6 splenocytes from SLP-76 ϩ/Ϫ or Ϫ/Ϫ mice were incubated in 200 l of RPMI supplemented with 10% fetal bovine serum and 2-ME or stimulated with lipopolysaccharide (10 g/ml), anti-CD40 (Pharmingen, 1 g/ml), or platebound anti-CD3 [145-2C11, plated in phosphatebuffered saline (PBS) at 8 g/ml]. After 48 or 72 hours of culture, cells were pulsed with 1 Ci of [ 3 H]thymidine (Amersham) and incubated for an additional 4 hours before they were harvested and analyzed by liquid scintillation. To quantitate concentrations of circulating immunoglobulin M (IgM), we serially diluted sera obtained from SLP-76 ϩ/ϩ, ϩ/Ϫ, and Ϫ/Ϫ mice and incubated the sera in the presence of a plate-bound, isotype-specific capture antibody (-chain specific, Jackson Laboratories). Plates were washed and incubated with an alkaline phosphatase-conjugated antibody specific for mouse Ig (Pharmingen). After extensive washing, bound antibody was detected with p-PNP substrate (Pharmingen), and absorbance was determined at 405 nm. The IgM concentrations were determined by comparison with an IgM standard curve. 21 ceptor (GABA A R) subunit, and gephyrin immunoreactivity are present in postsynaptic densities (4) . This supports the hypothesis of a glycine-and GABA-mediated cotransmission in the mammalian spinal cord (5).
We examined the cotransmission hypothesis directly, using dual whole-cell patchclamp recordings from synaptically coupled pairs of interneurons and putative motoneurons in slices from neonatal rats ( (Fig. 1A) . These functional properties of unitary IPSCs were similar to those reported with minimal extracellular stimulation (9). We next determined the contribution of GlyRs and GABA A Rs to the unitary IPSCs in pairs using the antagonists strychnine and bicuculline. The GlyR antagonist strychnine (10), added to the bath solution at a concentration of 400 nM (8 pairs) or 1 M (3 pairs), blocked the unitary IPSC completely in only 2 of 11 interneuron-motoneuron pairs. In 9 of 11 pairs, a strychnine-resistant component remained that decayed more slowly than the strychnine-sensitive component (Fig. 1B) and, on average, contributed 15 Ϯ 5% to the total peak current amplitude (range of 4 to 53%). In 9 of 9 pairs, the strychnine-resistant GlyR activation by glycine, ␤-alanine, taurine, and GABA. The peak amplitudes of the agonist-activated currents were normalized to the peak current activated by 10 mM glycine in the same patches and were plotted against agonist concentration. GABA A Rs were blocked by 10 M bicuculline (both barrels). Estimated EC 50 values were 441 M (n ϭ 1.4, A ϭ 0.99), 359 M (n ϭ 1.7, A ϭ 0.74), 2.46 mM (n ϭ 1.3, A ϭ 0.26), and 105 mM (n constrained to 1.4, A constrained to 1). (F) GABA A R activation by GABA, ␤-alanine, taurine, and glycine. The peak amplitudes of the agonist-activated currents were normalized to the peak current activated by 10 mM GABA in the same patches and were plotted against agonist concentration. GlyRs were blocked by 1 M strychnine (both barrels). Estimated EC 50 values were 472 M (n ϭ 1.8, A ϭ 1.02), 15.1 mM (n ϭ 1.9, A constrained to 1), 44.2 mM (n constrained to 1.8, A constrained to 1), and 236 mM (n constrained to 1.8, A constrained to 1). Duration of agonist pulses was 1 ms in all experiments. Number of patches (sometimes with multiple measurements) is indicated in parentheses.
time constant of the GlyR-mediated component was, on average, a factor of 3.6 faster than that of the GABA A R-mediated component (16.3 Ϯ 3.0 ms versus 58.9 Ϯ 12.8 ms; Fig. 2D ; P Ͻ 0.01).
To examine a possible differential modulation of GlyR-and GABA A R-mediated components by presynaptic GABA B receptors, we investigated the effects of the GABA B receptor agonist R-(Ϫ)-baclofen on composite IPSCs evoked by extracellular stimulation of presynaptic axons (Fig.  3) (6, 11) . Baclofen reduced the peak amplitude of both the GlyR-mediated component (in the presence of bicuculline) and the GABA A R-mediated component (in the presence of strychnine) (Fig. 3A) . Plots of the coefficient of variation to the Ϫ2 power against the mean value of the IPSC, both normalized to the respective control values (12) , revealed that the data points were located close to the identity line, indicating that the inhibition was presynaptic in origin (Fig. 3B) . The concentration dependence of the baclofen effects was almost indistinguishable for the GlyR-and the GABA A Rmediated component (Fig. 3C) . Similarly, the metabotropic glutamate receptor agonist L-AP4 (25 M) reduced the peak amplitude of both components to the same extent (to 55.4 Ϯ 13.7% and 46.2 Ϯ 5.8% of the control value, respectively, four motoneurons in each case). These results suggest comodulation of GlyR-and GABA A Rmediated components of the IPSC by the same set of presynaptic receptors.
Although these findings appeared to be consistent with a corelease of glycine and GABA at inhibitory synapses in the spinal cord, this conclusion relies on the assumptions that glycine and GABA activate separate receptors, and that strychnine and bicuculline block these receptors selectively. We thus applied brief (1-ms) pulses of the putative transmitters to outside-out patches isolated from motoneuron somata (Fig. 4) (6, 13) . Both glycine and GABA evoked detectable currents in the majority of patches (19 of 23 patches); the peak amplitude of the current evoked by 1 mM glycine in these patches was on average a factor of 2.5 larger than that activated by 1 mM GABA (Fig. 4A) . The current activated by coapplication of 1 mM glycine and 1 mM GABA was 97.5 Ϯ 3.9% of the arithmetic sum of the glycine-and GABA-activated currents in the same patches (six patches), indicating that glycine and GABA activated molecularly distinct receptors (Fig. 4B) .
The antagonist strychnine blocked the glycine-activated current with an IC 50 of 39 nM (Fig. 4, A and C) , whereas the GABAactivated current was affected only at severalfold higher concentrations (IC 50 ϭ 1.5 M). Conversely, bicuculline blocked the GABAactivated current with an IC 50 of 0.58 M (Fig. 4D) , whereas the glycine-activated current was almost unaffected by concentrations up to 30 M (estimated IC 50 ϭ 144 M). Thus, strychnine and bicuculline blocked spinal GlyRs and GABA A Rs with high (but not absolute) selectivity.
Although synaptic corelease of glycine and GABA is the most likely interpretation of the above results, an alternative possibility would be that a third transmitter, such as ␤-alanine or taurine, coactivated postsynaptic GlyRs and GABA A Rs (14) . We therefore compared the affinity of both types of receptors for glycine and GABA with that for ␤-alanine and taurine. Glycine and GABA activated GlyRs and GABA A Rs at low concentrations; the halfmaximal activating concentrations (EC 50 's) were 441 M and 472 M, respectively, with 1-ms agonist pulses (Fig. 4, E and F) . In contrast, GABA at concentrations as high as 10 mM was unable to activate GlyRs (Fig. 4E) , and conversely, glycine was unable to activate GABA A Rs (Fig. 4F) . ␤-Alanine appeared to be a partial agonist for GlyRs (Fig. 4E) , but it hardly activated GABA A Rs (Fig. 4F) . Finally, taurine showed very low affinity for both types of receptors (Fig. 4, E and F) . These results further support the hypothesis that glycine and GABA are coreleased at inhibitory spinal synapses (15) .
We next examined GlyR-and GABA A Rmediated components in spontaneous miniature IPSCs (Fig. 5) (6, 16 ) , presumably generated by the release of the contents of single synaptic vesicles (17) . To enhance the difference in decay time course between the two components, we added the benzodiazepine flunitrazepam (18) . Flunitrazepam (2 M) slowed selectively the decay of the GABA A R-mediated component of the evoked compound IPSC; the decay of the GABA A R-mediated component was, on average, prolonged by a factor of 1.65 Ϯ 0.18 (six motoneurons), whereas that of the GlyR-mediated component was almost unchanged (factor of 0.95 Ϯ 0.05 change, four cells). In the presence of 2 M flunitrazepam, subsets of individual miniature IPSCs and the average miniature IPSC showed a bi-exponential decay (Fig. 5A) . In the presence of 5 M bicuculline, the decay time course of the miniature IPSCs was fast, similar to that of the first component in control conditions, whereas in the presence of 400 nM strychnine, the decay was slow, comparable to that of the second component in the absence of antagonists (Fig. 5, B and C) .
To quantify the amplitude contributions of the two components in individual miniature IPSCs, we obtained average GlyR-and GABA A R-mediated miniature IPSC templates in the presence of either bicuculline or strychnine. Subsequently, individual miniature events recorded from the same neuron before antagonist application were fit with the sum of these two templates, multiplied by variable amplitude factors (16 ) . Scatter plots of the amplitudes of the two components indicated that in control conditions a large proportion of data points fell into the first quadrant (Fig. 5D) , indicating a high percentage of dual-component events. In contrast, data points in the presence of antagonists were clustered around the axes (Fig. 5E) , showing that dual-component events were largely absent. Defining the criterion separating the dual-and monocomponent events at the Ϯ2 ranges of the data points in the presence of either bicuculline or strychnine, we classified 44% of miniature IPSCs in control conditions as dual-component, 41% as pure GlyR-mediated, and 15% as pure GABA A R-mediated events. If miniature IPSCs reflect the fusion of individual synaptic vesicles (17) , these results would indicate both the costorage of glycine and GABA in the same synaptic vesicle and the colocalization of GlyRs and GABA A Rs in the same postsynaptic density.
In conclusion, we showed that unitary IPSCs and subsets of miniature IPSCs at inhibitory synapses in the spinal cord are dual-component events comprising GlyRand GABA A R-mediated components. On the basis of the strychnine sensitivity (Fig. 4C ) and the different decay time constants of GlyR-and GABA A R-mediated currents, we estimate that the GlyR-mediated component dominates the IPSC peak amplitude (81%), whereas the GABA A R-mediated component dominates the inhibitory postsynaptic charge (68%).
The most likely explanation for the dualcomponent nature of the unitary IPSC is the quantal corelease of glycine and GABA from a single spinal interneuron. None of the plausible transmitter candidates coactivates both types of receptors. The dual-component nature of a subset of miniature IPSCs suggests the strictest possible form of corelease, that is, from the same synaptic vesicle. This is compatible with the observation that vesicular transporters at inhibitory synapses accept both glycine and GABA as substrates (19) .
Whether glycine-and GABA-mediated cotransmission is a general principle of inhibition that also applies to subcortical neuronal circuitries (for example, the auditory pathway) (20) remains to be addressed.
Glycine-and GABA-mediated cotransmission could support the precise regulation of the time course of the postsynaptic conductance by the relative amount of glycine and GABA released from the presynaptic interneuron. This could be of critical importance for motor coordination (21) and the generation of locomotor patterns (22) . Cotransmission would also enable feedback control of transmitter release by presynaptic GABA B receptors, which may not be possible at pure glycinergic synapses. Finally, cotransmission may enable compensatory mechanisms in genetic GlyR subunit defects (23) .
Spatial Organization of Transcription Elongation Complex in Escherichia coli
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During RNA synthesis in the ternary elongation complex, RNA polymerase enzyme holds nucleic acids in three contiguous sites: the double-stranded DNA-binding site (DBS) ahead of the transcription bubble, the RNA-DNA heteroduplex-binding site (HBS), and the RNA-binding site (RBS) upstream of HBS. Photochemical cross-linking allowed mapping of the DNA and RNA contacts to specific positions on the amino acid sequence. Unexpectedly, the same protein regions were found to participate in both DBS and RBS. Thus, DNA entry and RNA exit occur close together in the RNA polymerase molecule, suggesting that the three sites constitute a single unit. The results explain how RNA in the integrated unit RBS-HBS-DBS may stabilize the ternary complex, whereas a hairpin in RNA result in its dissociation.
The paradox of transcription elongation is the ability of RNA and DNA to pass through RNA polymerase (RNAP) within an extremely stable ternary complex. To explain protein-DNA-RNA interaction that is both tight and flexible, investigators have proposed the concept of the sliding clamp (1, 2) by analogy with the DNA replication apparatus (3). In our current thinking, the sliding clamp consists of three putative elements (Fig. 1) . DBS, which is defined as the region of strong nonionic interaction between RNAP and the template, has been mapped to ϳ9 base pairs (bp) of DNA duplex just ahead of the point where DNA forks out into the transcription bubble (2) . Recently, we presented evidence that the template DNA strand in the bubble forms an ϳ8-bp hybrid (4), which is held in RNAP by weak ionic interactions (2) that define HBS. The notion of a distinct site holding single-stranded RNA leading out of the active center (RBS), first proposed two decades ago (5), has been extensively discussed recently (6 ) . Together, HBS and RBS should cover 14 to 16 3Ј-proximal nucleotides of RNA, in accord with ribonuclease protection data (5, 7, 8) . The observation that the RNA secondary structure (hairpins) at 7 to 9 nucleotides from the 3Ј terminus destabilizes the ternary elongation complex (TEC) (9) indicates that this may be the area of crucial protein-RNA interactions. Here we directly identify RNA, DNA, and protein segments involved in close contacts. The results show that RBS, HBS, and DBS are integrated in the RNAP molecule, which has important implications for the mechanism of RNA chain elongation and termination.
To map RNA-protein contacts along the trajectory of RNA, we used a photoreactive analog of uridine, 4-thio-uridine ( Fig. 2A) , incorporated into a single position of RNA transcript. The probe has a reagent arm less than 1 Å long and passes unimpeded through the protein as the complex advances (Fig.  2B ). We induced cross-linking by ultraviolet (UV) irradiation of TEC that has been stalled at defined positions. The probe was incorporated at either position ϩ21 or ϩ45 relative to the RNA 5Ј terminus (Fig. 2B, lanes 2 to  14 and 15 to 18, respectively) .
Judging from the relative yield of crosslinking with the ϩ21 probe, close RNA contacts with RNAP ␤Ј subunit, and to a lesser extent with the ␤ subunit, occur near the active site (position Ϫ1 relative to the 3Ј terminus). The segment of at least four nucleotides from Ϫ3 to Ϫ6 appears not to be involved in close ␤Ј,␤ contacts. Further upstream, the close contacts (␤Ј Ͼ Ͼ ␤) occur within the nine-nucleotide segment from Ϫ10 to Ϫ18. Because of the sequence constraints, contacts at Ϫ7 to Ϫ9 could not be scanned with the ϩ21 probe. However, with the ϩ45 probe (lanes 15 to 18), RNA nucleotide at Ϫ8 displays a cross-linking yield of intermediate intensity, suggesting that it is on the borderline of the close RNA-protein contact area. In the case of the ϩ45 probe, two ␤Ј-crosslinked species could be resolved (lanes 17 and 18) because of the longer RNA moiety. Qualitatively similar results were obtained when the azido-uridine probe with longer (ϳ8 Å) reagent arm was used ( Fig. 2A ), but the difference between cross-linking of different transcript segments was less pronounced (8) .
For unambiguous interpretation of the results, it was essential to establish that the stalled TECs used for cross-linking were not backtracked (4, 7) (Fig. 2C) . To this end, a control experiment was performed in which backtracking in TEC56 (cross-linking probe at Ϫ12) was either induced or suppressed by incorporating helix-destabilizing (inosin) or stabilizing [5-bromo-uridine triphosphate (5-bromo-UTP) and 5-iodo-cytosine triphosphate (5-iodo-CTP)] nucleotides, respectively, into the 3Ј proximal region of the transcript (4). The backtracked complex was identified by its failure to elongate RNA (Fig. 2C, bottom panel, lane 4) and by its sensitivity to transcript cleavage factor GreB (lane 5). Evidently, prominent RNAprotein cross-linking occurred only in the productive complex, not in the backtracked complex (Fig. 2C, top panel) . In addition, antisense oligonucleotides known to inhibit backtracking (7) had no effect on the cross-linking results obtained with TEC30, TEC34, and TEC38 (8) .
To map the cross-linking sites, we excised from the gel of Fig. 2B 
